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the analysis reported here examined the relationship between 


auxiliary equipment readiness on eighteen FFG-/ class ships 


and the quality, experience, and training of the personnel 
assigned to the ships. More experience, higher numbers of 
trained personnel, and higher numbers of high school gradu- 


ates were hypothesized to contribute to lower equipment 
downtime. Results of the analysis support this hypothesis 
in the case of quality and trainane. Increased experience, 
however, is found to be directly related to equipment down- 
time on the FFG-/7 class ships. The amount of variation in 
total downtime attributable to personnel characteristics is 
small, however, when compared with that attributable to ship 
effects, as meaSured by average ship downtime. AccoUuUnPe Emme 
for ship effects in this study facilitated a meaningful 
analysis of the personnel-characteristics effects. The 
results of this analysis indicated that an increase in 
training coupled with improved selection and retention of 
relatively higher quality personnel would contribute toa 
reduction in downtime of auxiliary equipments on FFG-/7 class 


ships. 
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I. INTRODUCTION 


A. RESOURCES AND READINESS 


In recent years, the U. SF Navy has been under 
increasing pressure to justify expenditures for proposed 
resources by demonstrating their impact upon military readi- 
ness. Demonstration of the link of reSources to readiness 
eS ical i one melee The elusive entity called readiness ulti- 


mately refers to the ability of the Navy to perform assigned 


wartime tasks. The measures which are used to assess readi- 
ness are, in fact, proxy measures of the organi Zaeeomees 
ability to fight and win at war. Since fighting wars merely 


to assess the ability of units to perform their wartime 
missions 1S impractical, the Navy uses readiness reports 
from operational commanders and exercise or inspection 
reports to assess its meadimess =) Re pam 

Personnel resources needed to achieve readiness are both 
expensive and difficult to manage. Placing the right person 
from the Navy's half million personnel in the right posieyon 
with the appropriate skills at the proper time makes the 
manpower manager's task challenging. 

The relationships between personnel policy implementa- 
tion and readiness are complex and often confusing. In some 
cases, the high quality of the personnel assigned may offset 
the impact of insufficient numbers of personnel. Depending 
upon the nature of the tasks personnel are required to 
perform, the opposite case, substituting quantity Seem 
quality, may adversely affect readiness. Better decisions 
concerning resource allocation can be made if the costs and 
effects on readiness of changes in personnel quality and 


quantity are known. Then, comparison with the costs@anme 


effect on readiness of other resource expenditures such as 
new systems acquisitions or operating funds can be made 
intelligently. The purpose of this thesis is to analyze the 
effect of auxiliary equipment maintenance training upon 
auxiliary equipment readiness as measured by GASREP 


downtime. 


B. AUXILIARY EQUIPMENT 


As the Navy's ships and systems become more complex, 
they grow more dependent Deon auxiliary equipments. 
ead liary equipments are defined as any shipboard 
machinery, equipments or systems under the cognizance of the 
ship's engineer officer which are not directly involved in 
the operations of the ships'’s main propulsion system(s)" 
bref. 2]. Peis Mio mommiay pred locmrface shipboard auxiliary 
equipments is presented in figure 1.1. Many, if not all, of 
these equipments have a functional relationship to a ship's 
operational capability. Essential electronics systems such 
as radars, weapons systems and communication equipments 
depend upon auxiliary equipments for cooling and dry air 
essential to their operation. MInoperability of the aircraft 


Or weapons elevators on aircraft carriers can incapacitate 


Mine Navy S most costly aircraft. Failure of cargo systems 
on underway replenishment ships. can result 1a ts be at 
Madotlity to perform thelr primary mission. Steering gear, 


one of the most common auxiliary equipments, is critical for 
the accomplishment of every ship's mission. The diversity 
of auxiliary equipments is one source of the problems asso- 
ciated with them. As can be seen from figure 1.1, they are 
fompmatlons of liyeliraviciaes pneumatic, electwica.. , 
electronic, steam, mechanical and cryogenic systems. 

The increasing importance of auxiliary equipment to 


accomplishment of the Navy's missions coincides with a trend 


Galley and Scullery Equipment 
Laundry Equipment 
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Heat Recovery and Electrical Evaporators 





Figure 1.1 Typical Surface Ship Auxillary Equipments 


toward increased complexity in auxiliary equipments as 
modern technologies are incorporated into auxiliary systems. 
For example, in the past the control mechanism for aux iany 
equipment may have been a simple fly-weight governor or a 
manually operated on-off switch. Today these same functions 
are performed by electro-hydraulic governors and solid state 
GOnitiso ice The continuing trends toward reduced manning and 
increased automation lead to the conclusion that aux 


Systems will grow more complex in the future. 


LO 


Coan iyARY SPECIALIST RATING PROPOSAL 


iio oseommlande: Navalesea Systems Command (NAVSEA) 
proposed that a rating, Marine Auxiliariesman (MX), be 
formed specifically to perform organizational and interme- 
diate level maintenance on auxiliary equipments. Pewee bieyt: 
time, the proposed rating applied to both surface ships and 
Submarines. Then, as today, the Machinist Mate (MM) and 
Engineman (EN) ratings performed the majority of auxiliary 
equipment maintenance with support from the Electrician Mate 
ao aad Interior Communications (IC) ratings. The reasons 
listed as justification for the new rating were: 

eeeedenttineation of personnel with auxiliary mainte- 
Manee stills ~by Navy Enlisted GClassification Codes 
(NEC sD only, allowed so much latitude in their 
assignment that experienced auxiliary maintenance 
personnel frequently Served in areas other’ than 
auxiliary maintenance; 

2. little reinforcement of auxiliary maintenance skills 
was achieved in the rating examinations of the source 
Bobs hone aux leary sinaimtarners, EN and MM; and 

3. failure to employ skilled auxiliary maintenance tech- 
Mrelans iMod emmcapaecityeresullited ain attrition of 
skills which would not occur if they were in a sepa- 
rate rating, consistently employed in auxiliary 
maintenance. 

The rating proposal called for the new MX rating to be 
formed from the EN and MM ratings. 

For a variety of reasons, the auxiliary rating was not 
epproved in 1976. Specific concerns were: the proposed 
rating's reduction in the commanding officer's latitude in 
the assignment of personnel within his ship; uncertainty 
over how many personnel would be required in the new rating; 


uncertainty about the effect of the recently formed Gas 


i 


Turbine rating on the auxiliary maintenance situation; and 
uncertainty about the effect of forming the proposed ratings 
from the souree fatines EN anda ielh eee AS a Yrestmmer 
the EN and MM ratings still perform the majority Of eee 
maintenance on auxiliary equipments even though they are 
trained primarily for main prope Vemoneecuere—= 

NAVSEA's proposal of a new rating in 1984 quite similar 
to that disapproved in 1976 points out that the auGx7 ea 
equipment maintenance problems are still of concern in some 
areas of the Navy. In April of 1984, six auxiliary Systeme 
were included in the eight equipments identified as having 
high failure rates by NAVSEA's Detection and Response 
Technique (DART) proeramelnec ne ecaln The proposal of Ria 
auxiliary equipment rating as a partial solwtttion to aaa 
lary equipment maintenance problems presumes that a new 
rating will improve maintenance performance by providing 
technicians with better training and that improved techni- 
cian performance will result in less downtime for auxiliary 
equipments. Also the proposed rating would allow better 
management of auxiliary equipment maintenance personnel, 
particularly in the areas of distribution to £1) )90eaee 
manning requirements and in the area of identification and 
utilization of personnel with auxiliary equipment trammeee 
or experience. 

A critical unknown is whether or not additional training 
of auxiliary equipment maintenance personnel has any effect 
upon auxiliary equipment readiness. How to answer this 
question is a problem, Since the exact training the proposed 
rating would provide cannot be tested. The next best alter- 
Aaeive "1s to examine similar trainine eo see what 
relationships exist with auxiliary equipment eperabi lve 

The Navy Enlisted Classifications listed in  figureueeee 
were examined to select those which were most similar in 


range of abilities and skills to the proposed auxiiae? 
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Taimeemanee technician rating [Ref. 5]. From these NEC's, 


those serving on the FFG 7 class were selected for analysis 


of the auxiliary training. 


MM-4294. 
EN-4294% 


MMS 2095 
MM-4296 


MM-4221 
EN-4381* 


EN-4382* 


EN-4398 
EM-4668 


EM-4669 


EM-4671 


High and Low Pressure Cryogenic 
ie mmve isan 


Genter iiucalmarr Conditioning Mechanic 


Retrigeradti1om and Air Conditioning 
Mechanic 


Underway Replenishment Mechanic 


sueodad Elevator Hydraulic/Mechanical 
Systems Technician 


IMA Outside Machine Shop Journeyman 


FruG-7mwGlass Auxitliartles Mechanical 
Subsystem Technician 


FFG-/7 Class Auxiliaries System 
Poche iam 


DD 963 Auxiliaries System Technician 


Underway Replenishment Electrical 
Component Maintenance (Denison) 


Underway Replenishment Electrical 
Component Maintenance (United 


Sit phbovnd wleVvaben Rleckronic 
Electrical Systems Technician 


wume bided In “analysis 


Faecaure 1.2 





Surface Ney EnimstedeGlassifications (NEC) 
related to Au 


Xxiliary Equipment 


is 


IL. DISCUSSION AND = Bites Lay 


Ajo LITERATURE © Reve 


Prior attempts to demonstrate the relationship between 
readiness and personnel characteristics have produced mixed 
and often counter-intuitive results. In fact, the results 


of the prior work lead to the conclusions that even the 


Navy's "sacred cows'"'--retention and experience--are not 
universally good and appropriate tar all "sttewaeeence For 
example, the personnel who are retained may be merely 


adequate performers who self select because they are unem- 
ployable in. the civilian Jaber iawwere In that casein 
Navy may be quietly undermining its senior enlisted leader- 
Ship five to ten years in the future, while maintaining a 
laudatory ssetent ton erate. 

If you ask any Fleet Naval Officer how much off ship 
training is needed for his sailors or how many sailors he 
needs, chances are the answer will usually be "MORE!" The 
manpower research in this area doesn't always support the 
default answer. In one of the earliest studies in this 
area, Horowitz and Sherman document a training effect on 
casualty report (CASREP) downtime only in ratings which 
maintain complex systems such as Fire Control Technician 
(FT). In the ratings most similar to the proposed auxaiw aa 
maintenance technicians, Machinist Mates mai) and Boiler 
Technician (BT), Horowitz and Sherman found that decreases 


in equipment downtime were associated with increasing total 


numbers of men, but not their training [Ref. 6]. In awamen 
study of several ratings and classes, McGarvey , Elster and 
May found: 


14 


? 


..a higher EN paygrade structure 1S associated 
with improved readiness aboard the Spruance Class 
destroyers (fewer total CASREPS, fewer level-3 
CASREPS, improved SPCC Readiness Index and fewer 


Supp IMmGeNlitlmne hOUrs wees (net. /]., 
[nmeheir wecomelusions, the Same authors state “a cursory 
review of (our. study) does not provide any consistent 


Support for the idea that an older, more experienced, better 
educated, smarter, more senior, less turbulent, more fully- 


fT tf 


Bearted Navy 1S a uniformly good idea.... ..-Simple main 
effects that may accrue to such ideas are deeply buried ina 
morass of rating--by--ship class--by attribute interactions” 


fret. 8]. 


B. FFG 7 AUXILIARY MANNING 


The training of the auxiliary maintainers on the FFG 7 
class is similar to that proposed for the auxiliary equip- 
memt rating. Lil SoS tinitanritysmakes the FFG 7 class well 
Suited for an analysis of the effect of auxiliary equipment 
training upon auxiliary equipment readiness. The FFG /7 
class ships in Figure 2.1 are included in the analysis 
reported here. The analysis covers the auxiliary mainte- 
nance personnel and auxiliary equipment readiness of those 
pebeocenotr IG quarters, October 1979 through June 1984. 

Relatively new, the FFG 7 class has not been extensively 
analyzed. The lead ship in the class was commissioned in 
late 1977 and follow on ships were lagged two years behind 
the lead ship to allow implementation of lessons learned. 
Mee ships listed in fig 2.1 had enough operational experi- 
ence to have a CASREP history. linemetsass dias 35> shagos in 
commission already with 16 additional ships scheduled for 
eompbetion by 1987 [Ref. 9]. 
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DEGT7 
NOV/9 
FEB8O 
MAY80O 
MAY80 
OCT8O 
OCT80 
MAY81 
JAN81 
MAR8 1 
NOV81 
Seow 
JUN81 
JAN82 
APR82 
SEECE 
AUG82 





Ships covered in Analysis 


for the FFG-7 class 


for the Engineman 


from the 


rating are 


PhaMaky NEG 


indicates billet is designated as Selected 
EB bellet @me FPG S in the Naval Reserve 
orce. 


Source: OPNAVINST 5320.427A SHIP MANNING 
DOCUMENT FOR FFG 7 





pmeure 2.2 SMD Manpower Requirements for the Engineman 
Rating on the FFG-/7 class 


The Ship Manning Document (SMD) for the FFG 7 class estab- 
lishes the requirement for ll enginemen and 2 nondesignated 
firemen in the auxiliary division. The SMD also establishes 
the requirement that 5 of the 1l enginemen hold either the 
4382 or 4381 NEC; 2 of the 11 enginemen should hold NEC 4294 
etre conditioning and refrigeration) [{Ref. 10]. 

The manning concept of the class--reduced manning-- 
places a premium on the ability of each sailor [Ref. 11]. 
if tratnine 1S related EQ eneroperabllity of the ship equip- 


ments, perhaps this manning concept will accentuate it. The 


Ry 


FFG7 auxiliary maintenance course 1s Similar in lenguiag. 
content to the proposed pipeline included in NAVSEA's 1976 
Rating  propesaeus Additionally, sailors completing jene 
course are awarded Navy Enlisted Classification (NEC) codes 


which identify them in manpower data records. 


C.. FFG 7 AUXILIARY Sea TiiNe 


The auxiliary maintenance courses being tested for asso- 
ciation with auxiliary equipment downtime are taught 
Service School Command. Great TPatres se eeeino1 ce The courses 
are FFG 7 Auxiliary Mechanical Sub-systems Technician Class 
(Course Identification Number A-652-0233) which results in 
attainment of NEC 4381; and FFG/7 Auxiliary Mechanmmem 
Systems Technician (Course Identification Number A-652-0235) 
which results in attainment of NEC 4382 [Ref. 12] |[Re==eee 
The courses are both training pipelines for the Engineman 
rating consisting of modules which are described in dee 
ith S61 etliees oe The modules provide training in valve main- 
tenance, diesel engine maintenance, hydraulic systems, and 
alr compressor systems, as well as some training in elec- 
Ericity« and Melectremiece The training 1S specifveqmm, 
tailored to the FFG-7 class ships with operating equipments 
available for training on many of the systems onboard those 
Siieoise . 

Initially the FFG-/7 auxiliary maintenance course was 
Str t@elies 72 classroom course with almost no hands am 
training. Since November of 1979, when the first equipments 
for hands-on training were installed, the course has 
included more and more hands on training [Ref. 14]. Tite 
1t must be kept in mind that the training examined here has 


changed over the period in the analysis. 
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ELi. METHODOEGEGH 


A. DATA 


Two data bases were used in tmis analscic. Defense 
Manpower Data Center (DMDC), Monterey, California, provided 
information concerning the Enginemen serving onboard the 
selected FFG 7 class ships during the period of interest. A 
second data base containing information on auxiliary equates 
ment casualty reports (GASREPS») was provided by American 


Management Incorporated of Washington, D.C. 
1. Personnel Data 


The personnel data were obtained from the DMDC 
Bnias ted .6enark sar iver The Cohort File contains persommel 
information on each enlisted man in the Navy and is updated 
each quarter. Using the time period of the analysis and the 
Unit Identification Codes (UIC) of the ships in Figure 
the Enginemen who had served on any of the ships during any 
quarter of interest were selected. Using the programeuen 
Appendix B, these records were processed to generate an 
observation on each individual for each quarter he was 
aboard one of the ships in the study. Since the DMDC 
records contain no reporting-aboard date, this analysis 
assumes that an individual who was listed onboard a unitmae 
the end of a quarter was onboard for the entire quarter. 
Enginemen of all paygrades were selected, from designated 
firemen through master chief petty officer. Non-designated 
firemen were not included in this analysis since no informa- 
tion exists within the DMDC files that can be used ta@ aseme 
clate them with the auxiliary division. anss: the om 


non-designated firemen included in the study are those who 
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were subsequently promoted to engineman fireman (ENFN) or 
above on one of the included ships during the period of the 
Bplalysis. Each of the records contained the following 
Peeormatlom sn) sirmed Fornees Qualifying Test (AFOT) score, 
/W ehigh school degree status, (3) current age in years, (4) 
years of active duty service, (5) the time onboard the ship 
maecguarters, and (6) the individual's assigned Navy Enlisted 
Meeassification Code (NEC), if any. 

Next, aggregation of the data for each ship and each 


quarter was accomplished. The program provided the 
Mmomhtowilne initormation for each shipwin each quarter: 1) 
number of enginemen who were high school graduates, Ze 


number of enginemen onboard each ship in a quarter who held 
gems ool or 4382 indicating auxiliary training, 3) number of 
enginemen onboard each ship ina quarter who held NEC 4294 
indicating air conditioning training, 4) number of enginemen 
onboard each ship in a quarter who held no NEC, 5) the sum 
of the time onboard for all of the enginemen onboard a ship 
Jim a quarter, and6) the mean AFOT score of the enginemen 


Smoaoard a ship in a quarter. 
ee CASKE EP Data 


The CASREP data base was formed by selecting those 
Bemipment Identification Codes (EIC) associated with the 
Enginemen rating onboard the FFG 7 class. This data base 
contained the date the casualty was reported, the date the 
casualty was corrected, the number of hours the- ship 
reported the repair was delayed while awaiting parts, the 
Mame and EIC of the equipment, the maintenance level at 
which the repair was accomplished and the severity level of 
the CASREP. These data were processed using the programs in 
Appendix C to produce a file Cameariinew, Loitormation omet he 
casualties reported by each ship during each quarter. The 


program computes the number of days of CASREP downtime, the 


Zo 


number of days downtime awaiting parts andthe number of 
days downtime not awaiting parts for each casualty Tieeen 
of the 19 quarters under analysis. The number of days for 
each category of downtime (total, awaiting parts, ~ andes 
awaiting parts) is apportioned to the quarters in which they 


occurred. 


en Sample 


The personnel and CASREP data bases were merged, 
matching the data by sShip)andwomarcer The resulting data 
base contained 213 observations. Each observation contained 
both personnel and CASREP information on a ship during one 
of the nineteen quarters in the analysis. As shown in 
figure 2.1 not all ships under analysis here were in commis- 
Sion for the full period of the analysis. Appendix F 
contains a detailed description of the raw data and the 
final data base used in this analysis which was formed using 
the programs in Appendices B through OD. Both the raw daa 
and the data used in this analysis are stored on magnetic 


tape at the Naval Postgraduate School. 
Bae DANY SEs 


ine Dependent Variables 


For this study, total downtime measured in dayem@ama 
1ts subcomponents downtime awaiting parts and downtime not 
awaiting parts were used as the dependent variables in 
regression analysis. These variables and their definitions 


are Jastedjin ficunemo 


Lie 


Variable Deftnitren 


Diet “che total aa coe Phewe 
owntime reported by a ship in 
a quarter measured in days. 


DWNSUP--the total time in days the ship was 
awaiting parts as reported b he 
Casualty Report. In cases where 


parts were ordered but no awaiting 
parts eas was reported by 


e 
Ship, DWNSUP was estimated based 
SheBeiiwMie sweden Stunt SsSionm and 
receipt dates. 


DWNOTHER--the difference between total 
downtime and downtime awaiting parts. 





Bowie woe Dependent Variables 


Previous studies have concentrated on the portion of total 
downtime not awaiting parts as the primary criterion against 
which maintenance effectiveness showila be measured 
Peet. 15]. 

Iie wGomecemrNidiamrranework used am thas study 1s 
Similar to that of a fleet operational commander. The anal- 
ysis assumes that total downtime is the best criterion to 
use in adjudging the performance of maintenance personnel. 
Total downtime is the figure most readily available to oper- 
ational commanders in assessing ship's equipment readiness. 
Also, the portion of downtime spent awaiting parts can be 
reduced by submisSion of correct requiSitions, and aggres- 
Sive follow-up of supply requisitions. Thus the supply 
system is really another tool which the technician must be 
able to use to effect repair to the casualty. Repairs 
accomplished above the shipboard level (i.e., Depot level, 


Tender, and Intermediate Maintenance Activity) are also 


22 


DAYS PERCENT OF 
DOWNTIME TOTAL 
DOWNSUP N77 2h Goo) 
DWNOTHER 29o% 3 65,0 
DWNTOT 27724 LOGO 
DAYS PERCENT or 
DOWNTIME Tod Als 
Air Compressors a7 7al 46.06 
and Air Systems 
Refrigeration and 3392 14.03 
Air Condvetonine sys eens 
Water Systems and 3401 T2206 
JPitsea bo oye tUhoiak ies 
Steering and 1S 2 | 6.96 
Secondary Propulsion 
systems 
Main Paecpw) sem eS 6.22 
Support systems 
Deck Machinery is 6.14 
and Cargo Handling 
Boats and Davits 1494 53S 
Scullery/Galley Any, 3720 
Equipments 
TOT Ads 27724 LOOR OO 
Figure: 342 Categories of Downtime 


considered responsive to the quantity and quality of the 
maintenance personnel assigned to the ship. The ship Gage 
submits correct work requests and frequently checks’ the 
Status of its jobs under repair by outside activities Gnews. 


tably receives faster, better repair work than ships which 
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gam t . PaPvireme 7 waisplAayseene amount of downtime subdi- 
veded into categories, ive ii Pe Pali S ana Nos awaiting 
parts, as well as, the percentage of downtime for each major 
equipment category. 

No attempt was made to account for the different 
severity levels of CASREPS in this analysis since most of 
the CASREPS were of the same level, C-2 (marginal degrada- 
man Of mission). PeviS pammircilt toe describe, in an 


academically acceptable way, the intense pressure on ships 


Variable Det a miok Pon 


— emmy ee 


WEITZ--a control variable equal to the mean 
auxiliary equipment downtime per 
each ship (measured in days). 


NRAUXTEX--the number of Enginemen onboard 
a ship in a specific quarter with 
Bae Senos training 
(NEC 4381 or 4382). 


NRACTEX--the number of Enginemen onboard 
Ree ee eee ee oS quarter 
Wilt aida "GCOMdLit toning toalning NEC 4294. 


NRNONNEC--the number of Enginemen onboard 
a Shee aS PeClLTG squarter who 
had no NEC assigned. 


NRHSGRAD--the number of Enginemen onboard 
a ship qos a Specific quarter 
who had completed high school. 


Dino h tora | Sepa seas of experience 
onboard; the sum of the quarters 
onboard of all of the Enginemen 
assigned to a ship during a specific 
Gilaiete 1. 


—_ eee eee ee 


PPeire 35.5 Control and Independent Variables 
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to correct equipment casualties eportecds, bywexonee. Lian 
equipment is reported by CASREP, the maintenance personnel 
are (or should be) doing everything they can to repaizwene 
inoperative equipment. Thus, the severity level of the 
CASREP lends little clarification of the relationships Une 


investigation. 
2. Independent Variables 


In order to determine the effect of training and 
other personnel characteristics upon auxiliary equipment 
downtime, it was necessary to account for additional factors 
that affect equipment downtime. Some of these factors,which 
differ from ship) tomas. are equipment design, ship age, 
personnel morale and motivation, deployment and operating 
schedules, and the willingness of commanding officers to 
SUbmnd Geme asi bon The variable used to account for ieee 
effects other than personnel characteristics is each ship's 
quarterly average auxiliary equipment downtime over the 
period of the analysis (variable WEITZ). This ship variable 
thus serves sac neo mec lean te ieseom 

The independent variables used in the analysis are 
defined ianmglrpure 3 23" In order to allow a more meaningful 
interpretation of the coefficients of regression for the 
independent variables, mumerical values instead of fill 
ratios were used. This use allows the coefficient of the 
independent variable to be interpreted cautiously as the 
change in total downtime that would result from the addmeaman 
of one man with the characteristic described by the indepen- 
dent variable. In the case of the experience measure in the 
model (variable QTRSEXP), the coefficient of regression may 
be interpreted as the change in downtime resulting from one 
engineman remaining onboard for 1 additional quarter. Le 
must be kept in mind that interpretation of the coefficient 
of regression in this manner invokes the assumption that au 


other variables are held conseanw 
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3. Method and Model 


The basic model used for this analysis includes 
Peieal CASREP “downtime (variable DWNTOT) as the criterion 
against which the effects of the independent variables are 
measured. Other models using downtime awaiting parts (vari- 
able DWNSUP) and downtime not awaiting parts (variable 
DWNOTHER) as the dependent variables are examined briefly. 
The independent variables include static measures of the 
training, quality, and experience of the enginemen in the 
auxiliary maintenance division on the FFG-/7 class'7 ships. 
The measures of personnel training are the number of trained 
enginemen (variables NRAUXTEX and NRACTEX) and the number of 
untrained enginemen (variable NRNONNEC). The measure of 
personnel quality in the model is the number of enginemen 
who are high school graduates (variable NRHSGRAD). The 
measure of experience in the model is the total number of 
quarters the enginemen on a ship have spent on that ship 
(variable QTRSEXP). Simple descriptive statistics for all 
of the variables included in the analysis are shown in 
ere 35.4. 

Intuitively acceptable results from this analysis 
would be an increase in downtime associated with increases 
in the control variable (variable WEITZ) and with increases 
in the number of untrained enginemen (variable NRNONNEC). 
We would expect a decrease in downtime to be associated with 
increased numbers of trained individuals onboard (variables 
NRAUXTEX and NRACTEX ) and with increased experience 
(variable QTRSEXP). 

Regression analysis was used to determine the 
linear-composite weights as well as the significance of the 
independent variables in their relationship to each depen- 
dent variable.- Appendix E displays an example of the 


programs used to conduct the regression analysis. Both the 
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everallekK-Square value for the entire model and each regres- 
Sion coefficient was tested against the p<.05 criterion of 
Seabistical Sienificance. The overall null hypothesis is 
that the independent personnel variables are not 
Sremiticantly related to total CASREP downtime. 

To cross-validate the regression results, the total 
data set containing 213 cases was divided into two parts, 
@me Containing 2/3 of the total (n=142), subsequently called 
the predictor sample. This sample was used to develop an 
equation for total downtime as a function of the independent 
variables. The equation developed was then used to predict 
micwtaual downtime for the smaller portion of the total data 
Poecontalnimcm +, 3 of the” total (n=/1), subsequently 
referred to as the test sample. The cross-validity correla- 
tion between the actual downtime for the test sample and the 
predicted downtime for the test sample was calculated to 
determine the accuracy of the developed equation. 

Uvoneeconplecuroy Of the cross-validity correlations, 
regression analysis was conducted on the entire sample to 
obtain the most reliable coefficients of regression using 
the same model as in the cross-validity correlation. The 
full data set was also used to examine the relationships of 
the ship effect variable (WEITZ) to the other independent 
variables in the model, and to develop equations using down- 
time not awaiting parts (DWNOTHER) and downtime awaiting 
parts as the dependent variables (DWNSUP). 
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IV. RESUES 


A. CROSS-VALIDATION 


The results of the regression conducted on the prediteuam 


sample in the cross-validation study are displayed in figure 
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Figure 4.1 Results of Regression--Predictor Samp 
4.1. The control “variabte [Were the quality measure 
NRHSGRAD, and the number of air conditioning techniemag. 


NRACTEX are Significant and in the expected direction in the 
equation developed from the predictor sample. The coetine 
clents of regression for all the variables were multiplied 
by the respective independent variables in the test sample 
to obtain predicted downtime for the test sample. Then the 


correlation between the predicted and actual downtime was 
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ealleulated. If the equation developed using the predictor 
Sample is reliable for the test sample, the correlation 
between the predicted downtime and the actual downtime in 
the test sample should be very close to or equal to the 


coefficient of correlation in the predictor sample (R=.606). 
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Figure 4.2 Restulis OL: Cross-Validity Analysis 


imemeross-validity analysis is displayed in figure 4.2. The 


predicted total downtime is variable YHAT and the actual 


total downtime is variable DWNTOT. As shown in the figure, 
the test sample correlation is r=.684, very close to (in 
fact higher than) .606, the expected value. This result 


confirms that the developed model is reliable in predicting 


the actual downtime based on the independent variables. 


fee PULL SAMPLE REGRESSION ANALYSIS 


The results of the regression conducted on the full 
sample (n=213) are shown in figure 4.3. The resulting 
R-square value for the equation is .4134, corresponding to a 


multiple correlation of r=.64. The expected relationships 
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Figure 4.3 Results of Full Sample Regression 


with total downtime (DWNTOT ) are present in the case of 
NRHSGRAD and NRNONNEC, as well as the control vamiaipae 
(WEITZ). The results indicate that increasing the number of 
enginemen who are high school graduates (variable NRHSGRAD) 


onboard the FFG-7 class ships would result in decreased 


total downtime. Similarly, reducing the number of untrained 
enginemen onboard (variable NRNONNEC) would also reduce 
total downtime. However, counter-intuitive results were 


obtained in the case of the experience measure (variable 
QTRSEXP). The full model regression indicates that ¢Gxpewes. 
ence is directly, rather than inversely, related to total 
downtime. Unfortunately, the variables NRAUXTEX and NRACTEX 
are not Significant in the full-sample regression model. 
Thus, the full regression model does not identify which type 


of trained engineman (auxiliary trained or air conditioning 
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Figure 4.4 Results of DeSean on with Dependent Variables 
DWNTOT and DWNSUP 


trained) we should add to obtain the the decrease in readi- 
ness indicated Dyae reducing the number of untrained 
Pdividuals onboard. 

The full model was also used in regression analysis to 


examine the relationship of the personnel characteristics to 


Bye 


the components of total downtime (variables DWNSUP and 
DWNOTHER). The results are displayed in .figure 4.4. 
Surprisingly, personnel characteristics are more Stroma 
associated with downtime awaiting parts (variable DWNSUP) 
than with downtime not awaiting parts (variable DWNOTHER). 
This finding may be a result of the ship class maintenance 
plan. Modular Scheduled Repair, which periodically replaces 
equipments based on a predetermined failure rate and calls 
for much of the maintenance on these ships to be accom- 
plished ashore [Ref. 16]. The replacement of complete 
equipments may eliminate a Significant amount of equipment 
disassembly and troubleshooting. Repair work accomplished 
by repair activities ashore should generally be accomplished 
faster than aboard the ship because of their Superior main- 
tenance facilities. Both of these cases would reduce 
DWNOTHER separately and independently of the personnel 
characteristics of the maintenance personnel onboard. 

The control variable WEITZ is, as expected, directly 
related to both DWNSUP and DWNOTHER. The quality measure, 
NRHSGRAD, is the only variable inversely related to both 
DWNSUP and DWNOTHER. Apparently personnel quality is an 
important determinant for all categories of downtime on the 
individual ships. NRACTEX is inversely related to DWNSUP 
but not to DWNOTHER. ‘Training as indicated by the numbewaiam 
trained air conditioning technicians is related sSignalee 
cantly in the expected direction to downtime awaiting parts 
but not to downtime other. The number of untrained techni- 
clans iS significant and in the expected direction in the 
model for downtime other but not for downtime awaiting 
Pawes# These anomalous training results may reflect multi- 
collinearity among the three training variables (NRAUXTEX, 
NRACTEX, and NRNONNEC). 

In any case, these resultS raiSe more questions than 


they resolve, but certainly they point cut the complexity aeam 
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Siem ce laAattonships among personnel Gita nite dkis ep anealtte sa 
training, and experience. At a minimum these results 


provide support to the belief that personnel characteristics 


can affect downtime awaiting parts. As in the full regres- 
Sion model, the effects of WEITZ and NRHSGRAD are in the 
expected direction and significant: the dependent variables 


increase with an increase in average downtime and decrease 
with an increase of the number of high school graduates 
onboard. iieweSs Lent teeane positive relationship of the 
number of untrained enginemen (variable NRNONNEC) with total 
downtime not awaiting parts (variable DWNOTHER) seems to 
indicate that larger numbers of untrained personnel cannot 
make up for a lack of training in equipment troubleshooting 
and repair and, therefore, downtime other increases. The 
Slgenificant positive coefficient of the number of auxiliary 


technicians (NRAUXTEX) in the model with DWNOTHER as the 


dependent variable is a counter-intuitive result, possibly 
due to multicollinearity. This together with the counter- 
[otuicive result obtained in the regression on total 


downtime (DWNTOT), deserves special examination. 


eee ANALYSIS OF COUNTER-INTUITIVE RESULTS 


Mme COUNEeGLE-iIntuitive results obtained in this study 
prompted further investigation to determine why they 
eecurred. This investigation involved analysis of the 
correlations between the independent variables of interest 
pace the control variable WEITZ. Figure 4.5 displays the 
correlations of interest between the control and the other 
independent and dependent variables. Among these, two 
Berome., Slenificant correlations are evident. The variable 
of primary interest, NRAUXTEX, has a significant negative 
correlation (r=-.31) with average ship downtime (WEITZ), and 
the number of enginemen with no NEC assigned (NRNONNEC) has 
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CORRELATION MATRIX 
(N=213) 
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Figure 4.5 Correlations between the Variables in the Model 


a significant positive correlation (r=.32) with averapewsnee 
downtime (both significant at the .0001 level). These 
results indicate that, as the number of auxi Hala 
technicians increases, the average downtime decreases, and, 
as the number of untrained enginemen onboard increases, the 
average downtime increases. Further evidence that increases 


in the numbers of auxiliary technicians (variable NRAUXTEX) 


decrease total downtime is the simple correlation of 
NRAUXTEX with DWNTOT, which is -.16, in the expected 
direction and significant at the .O1 level. What appeadmemae 


be happening in the full regression model is that the 
intuitively acceptable effects are being loaded on the 
independent variables with the largest variances, leaving 


the independent variables with less variance to ‘(shew 
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Sounter-antulitive Of MnStomteredmte results. The strong 
Sermrelation of Ehe variable NRAUXTEX with the control 
variable WEITZ indicates that the number of auxiliary 
meenmntelais 2s Dartireularly — sagenificant in ats effect on 
differences in total downtime among ships. 

The remaining counter-intuitive result--that total down- 
time (variable DWNTOT) increases as experience onboard 
(variable QTRSEXP) increases--may be due to selective attri- 
tion of quality personnel within a ship over time. The 
meraltty-aterition hypothesis 1s consistent 8with the large 
inverse within-ship effect of NRHSGRAD on DWNTOT in the full 
regression model. What appears to be happening is an attri- 
tion over time of high school graduates, that leaves fewer 
high school graduates among the eee experienced personnel 
aeeard a ship. MiPMomOmorressi ves TreducrroneIn dualwey thus 


increases total ship downtime. 


OF 


V. CONCIHOSTIONS ANDSRE COMME NDAIeEGiis 


The results of this analysis support the f£indinmecueem 
prior studies that the relationships between materiel readi- 
ness and personnel characteristics are complex and fraught 
with collinearity amd imeerdeurom, Here again, ship effect 
variables appear more strongly associated with CASREP down- 
time than the personnel variables do. Downtime awaiting 
parts for auxiliary equipments on the FFG-/ class tends to 
be more predictable using personnel variables than downtime 
not awaiting parts. Downtime awaiting parts alone accounts 
for 64 percent of total downtime in this Study. Thies 
finding could lead to the conclusion that a gpreater fPeda@ee 
tion in total downtime would result from expenditures for 
additional "supply ys pares= aenam for expenditures in the 
personnel management area. For an example, see [Ref. 17]. 
The process of selecting a part to stock for future Unkg@oege 
and possibly unknowable casualties from the nearly infinite 
variety of parts available rapidly diminishes the readiness 
returned from expenditures in the supply area. For Giaas 
reason, even though personnel characteristics only account 
for approximately 15 percent of the variance in total down- 
Elme teem hse seit. achieving improved readiness through 


improvement of personnel management seems more likely in the 


long term than expenditures in the supply area. While the 
purchased repair part sits ina bin, awaiting its chance to 
contribute to readiness, the trained maintenance technician 


can contribute to the solution of every maintenance problem. 

The analysis conducted here indicates that the altera- 
tions in personnel policy most likely to decrease auxiliary 
equipment downtime onboard the FFG-7 class are increasing 


the number of high school graduates onboard and decreasing 
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the number of enginemen without specialized training 
hesM@iting it an Navy Enlisted Classification (NEC) . While 
increasing the number of auxiliary technicians (NEC 4381 and 
ao ees) Tot amadteated directly by the full model, the 
strong negative correlation with average total downtime for 
each ship offers separate and strong evidence that 
imereasing the number of auxiliary technicians onboard the 
FFG-/ class ships would reduce downtime as well. Failure 
of this variable to relate significantly to total downtime 


in the full regression analysis may be because auxiliary 


maintenance technician efforts are represented by the 
Bont ro | Vaisala. average Ship quarterly downtime. 
Expressed in a different manner, the number of auxiliary 


technicians iS a good indicator of differences in average 
downtime among ships. Increases in the number of auxiliary 
technicians should be associated with decreases in downtime. 
While, among the personnel variables, the number of high 
School graduates ona ship was the most significantly and 
consistently related to a reduction of auxiliary equipment 
Sere ime within a ship over quarters, it was not related to 
Ship downtime averaged over quarters, as the number of 
auxiliary technicians was. 

Experience, aS measured by the time onboard a single 
Ship, was directly, rather than inversely, related to CASREP 
downtime. Snemmpossiple reasom for “this counter-intuitive 
result is selective attrition of Superior enginemen to the 
Piomemrpine ratings or from military service. If this iS in 
fact the case, a policy change to increase incentives for 
enginemen to stay in the rating may be indicated to support 
new diesel main propulsion ships and the growing auxiliary 
maintenance role for enginemen on gas turbine ships. 

Interviews conducted with detailers in the preparation 
of this thesis indicated that in assignment of personnel to 


Pret cmredquirine Navy Enlisted Classifications, the biilet 
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is considered filled when a match in rating and payeradeama. 


achieved. Only secondary consideration is given to filling 
the billet with aman holding the required NEC. Based on 
the analysis here, a reduction in CASREP downtime would 


occur if the detailing process were modified to fill the NEC 
requirement as well as the rating and paygrade requirements. 
Modi reat hormmcrs the existing supporting computer systems to 
accomplish) talsiesca eigen ame job-skill match between] 
requirements and the pool of eligibles for transfer could 
result in a significant reducttem inedowneime-. It may well 
be that such a method could produce a substantial increase 
in the fleet-wide fill ratio of NEC billets, withoutadaa 
tional training and the requirement to funder. ship 
readiness would benefit. 

This analysis examined a model relating training, 
quality, and experience to CASREP downtime. The regression 
analysis conducted indicates that for every additional 
engineman high school graduate assigned to an FFG /7 class 
ship, CASREP downtime for auxiliary equipments’ should 
decrease approximately 20 days per quarter. The reduction 
in downtime associated with the assignment of an additional 
auxiliary technician to an FFG-/ class ship is approximages® 
15 days per quarter. The best policy, of course, is to send 
high school graduates for training resulting in the Wiese 
combining both quality and training; to reduce downtimes 

The analysis conducted here provides evidence that total 
auxiliary equipment downtime could be decreased onboard the 
FFG-/7 class by increased placement of trained enginemen 
onboard (NEC's 4381, 43825. sama 420490 The evidence 
presented in this study indicates that a reduction in dem 
time is achieveable either by improved management of 
existing NEC's or by implementation of a new auxiliary 


equipment rating. 
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APPENDIX A 
GLOSSARY 


ABS - SAS program absolute value function. 

ACFLAG -SAS program variable. 

ADJ - abbreviation for adjusted in the regression printout 
figures. 

maemo - s Armed Forces Qualification Test score. 

ALLEMERG -program data set name. 

ARPA -- Advanced Research Projects Agency 

Auxiliariesman --name used for 1975 proposed auxiliary main- 
tenance technician. 

Serer o --CASualty REPorts which provide information on 
equipment which is inoperative and affects the ability of a 
tore to fulfill its mission. 

GAS -- SAS program variable name. 

CASNPERS --Data set name. 

CASSUM --Data set name. 

GA2STOT --SAS program variable. 


eeie-- Computer Identification Number for training courses. 
SenDATE -- Variable in CASREP processing program. 

Cryogenic --Liquid gas generation systems. 

CURAGE -- current age of enginemen on FFG 7 class. 

DATAIN -- data set name in programs. 


DATAOUT --data set name in programs. 

DMDC --Defense Manpower Data Center 

downtime --the number of days between the report date of the 
CASREP and the date the casualty is reported corrected. 
DWNOTHER --variable used in analysis equal to the total 
PoywMEme 911 a Quarter minus the downtime awaiting parts 
(DWNTOT - DWNSUP). 


41 


DWNSUP -- variable used in analysis equal to the number of 

days in a quarter that the ship was awaiting parts for jumeee 

erative equipment reported by CASREP. 

DWNTOT --variable used in analysis equal to the total days 
downtime fon va ship sin aeduameem. 

EIC -- equipment identification code, an alphanumeric iden- 


tifier of equipment. 


EM --a rating or occupation in the U.S.NAVY, electricmamee. 
mace. 
EN --a rating or occupation in the U.S.NAVY, engineman. 


ENC --a chief petty officer (paygrade E-7) in the engineman 
i ener 

ENFN --a fireman (paygrade E-3) who is designated in the 
engineman rating 

Engineman --a rating or occupation in the U.S. NAVY which 
performs maintenance on diesel engines and has’ secondary 
duties of auxillary equipment maintenance. 


FFG --Guided missile frigate. 


FN --fireman who is not designated for any specific rating. 
FT --abbreviation for Fire control Technician. 
GT --abbreviation for Greater Than in SAS programs 


HSGFLAG --variable name in SAS programs 

HYEC --variable in SAS programs and DMDC date element name. 
IC -- abbreviation for Interior Communmacations techni era 
NAVY rating. 

IMA --Intermediate Maintenance Activity, an off ship repair 
facility which repairs equipment casualties beyond the capa- 
Dire y Od Glee es misor 


INTERCEP -- intercept of the y-axis in the regression geqma. 
Eon. 

ISD --Instructional Systems Development. 

LE -- SAS #@uncttene less tham@emicquame co. 

NEC -- Navy Enlisted Classification; a code which 1demeueee 


Speci ier ser Ic. 


NECFLAG --A variable in the SAS programs. 
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NEOC@>ae- ss tiavy Enlisted Occupattonal Classification System, 
which manages the numerous ratings and NEC's which identify 
Navy skills and requirements. 

NMEC--Naval Military Personnel Command. 

NODAC --Navy Occupational Data Analysis Center. 

NPRDC --Navy Personnel ReSearch and Development Center. 

hie --Naval Postgraduate Seno | 

NRACTEX --variable used in analysis equal to the number of 
ae ONcd lr Ont newrechim1 cians (“NEG 4294) onboard a unit in a 
Sirarler. 

NRAUXTEX --variable used in analysis equal to the number of 
PPomtany) Peete rans (NEC 43301 and 4382) onboard a unit in 
eeailartler, 

NRHSGRAD --variable used in analysis equal to the number of 
high school graduates among the engineman rating on a ship 
in a quarter. 

NRNONNEC --variable used in analysis equal to the number of 
enginemen onboard a unit who have no NEC indicating special- 
iged training. 


OTHDAY --variable used in SAS programs. 


PERFFG --data set name used in programs. 

PERSUM --data set name used in programs. 

Peep -- abbreviation for probability in regression figures. 
QTR --program variable name. 

PRokxr | --vyariable used in analysis equal to the total 


number of quarters the enginemen have spent onboard the unit 
to which they are assigned. 

REPDATE--variable used in SAS programs. 

Poeeives-—VYariable used in SAS programs. 

Seo--otatistical Analysis System, a software package for 
statistical analysis. 

SMD --Ship Manning Document which establishes the manning 
requirements for S ia pick 

SPCC--Ships' Parts Control Center 


Sl) --SsAs program variable name. 
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SUBSIR ==SAS Poe naneatme & Lome 
SUMREP--Data set name in SAS programs. 


SUPDAY--variable name used in SAS programs. 


SUPHR --variable name used in SAS programs. 

TOB --variable name used in SAS programs. 

TUIC --variable name used in SAS programs. 

UIC-- Unit Identification Code--an unique number’ for each 
ship. 


WEITZ--a control variable used in analysis equal to the 
ship's average downtime. 

WILQIND--variable used in SAS programs. 

YHAT--variable used in analysis, the predicted value of 
total downtime for the test sample using the equation devel- 
oped by the predictor sample. 

YRADS --variable used in SAS programs. 


4d 


APPENDIX B 
PERSONNEL DATA PROGRAMS 


The_ program below selects Enginemen on the 
PEC) elass ue. from a cohort data base 
rovided by Defense Manpower Data Center 


ben. Sine Moody and Bill King. The desired 

information is obtained for the 19 quarters 

of of interest (79Q4 eee “arrayed 
e data i 


over each variable, then S swept 


iteratively to create another file which 


contains an observation for each of the 
engineman onthe ships for each quarter. 
The procedure also generates the reporting 
MvOdedqidmher elOr eCach individual, which is 
the first record in which the appears in the 
Gaeaetbacsie —bOrR a particular unit. 





DATA CLOSER: 
INFILE DATAIN; 
INPUT 
@65 HYEC1 Pale 1. 
66 AFOT1 PIB1. 
267 PAYGRD1 PIBIL. 
@87 CURAGEL  PIB1. 
8 8 PMOS 1 S CHAR? 
(2112 YRADS1 ip le 
123 ORIG CHAR6 
G132 DMOS1 CHAR7. 
.(data from the intervening quarters)... 
41865 HYEC19 PIBL. 
G18 66 AFOT19 PIBL. 
1867 PAYGRD19 PIB1. 
21887 CURAGE19 PIBI1. 
21888 PMOS19 SCHAR7 
@1912 YRADS19 IBl. 
(1923 (EG 29 CoA G 
1932 DMOS 19 CHAR7.; DATA TWO; 
SET CLOSER; 
ARRAY HYEC HYEC1L HYEC2 HYEC3 HYEC4 HYECS 
HYEC6 HYEC7 HYEC8 HYEC9 HYEC1O 
HYEC1L1 HYEC12 HYEC13 HYEC14 HYECI15 
HYEC16 HYEC17 HYEC18 HYEC19; 
ARRAY AFQT AFOTL AFOT2 AFOT3 AFQT4 AFQTS 
AFOT6 AFOT7 AFOT8 AFOT9 AFOT1O 
AFOT11 AFOT12 AFOT13 AFOT14 AFOTI15 
AFOT16 AFOT1/7 AFOTI18 AFOTI9: 
ARRAY PAYGRD PAYGRD1 PAYGRD2 PAYGRD3 PAYGRD4 PAYGRDS5 
PAYGRD6 PAYGRD7 PAYGRD8 PAYGRD9 PAYGRD1O 
PAYGRD11 PAYGRD12 PAYGRD13 PAYGRD14 PAYGRD1L5 
PAYGRD16 PAYGRD17 PAYGRD18 PAYGRD19 


Ds 
(n 


ARRAY CURAGE CURAGE]L CURAGE2 CURAGE3 CURAGE4 CURAGES 
CURAGE6 CURAGE/ CURAGE8 CURAGES CURAGBaD 
CURAGE11 CURAGE]2 CURAGE13 CURAGE]4 CURR Ea 
URAGE16 CURAGE]/ RAGE1L8 CURAGELY; 
ARRAY PMOS PMOS1l PMOS2 PMOS3 PMOS4& PMOSS5 
PMOS6 PMOS/7 SeEMOs3  ) PM@s] | Pune sry 
PMOS11 PMOS12 PMOS13 PMOS14 PMOS15 
PMOS lo PMOS 17 eeMeo lo ee Mos 
ARRAY YRADS YRADSL YRADS2 YRADS3 YRADS4 YRADSS 
YRADS6 YRADS/ YRADS8 YRADSY YRADSUD 
YRADSI1 YRADS12 YRADSI3 YRADSIG YRAp aE 
“YRADS 16 YRADS2/  YRabps le eA bs lee 
ARRAY UIC UIC] UIC2 “UGS Sumeo Bumes 
UIC6 “ULC? . UleCsr ore? suites 
UICI) ULCI2 Ute ls Sire i Utes 
ULCLG ULC UG Ts res 
ARRAY DMOS DMOS1 DMOS2 DMOS3 DMOS4 DMOS5S 
DMOS6. DMOS/ | DM@s6.” DMOS oer HeSs le 
DMOS11 DMOS12 DMOS13 DMOS14 DMOS15 
DMOS 16. DMOS L7aUMO ste Sores. 
DO FOV eRe y bee 
LEP HYEC GT OO THEN bee 
SLART = Pees 
GOTO LABELT; 
END’ 
END: 
LABEL Seen DAreAoui. 
DO OV ERA HE e. 
F HYEC Gl OS THEN DG. 
LR. = Ts. 
re = 4 HYES Roe 
AFOT 3-5 
PAYGRD 6 
CURAGE 7-8 
PMCs eee 
YRADS 6-1/7 
Ure CrAKiog 
DuUGOsS CHAR]. 
Sree E 1-32 
ONS 33-34 
N 9-07 * 
END 2s 


BN 
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ine poLresvom of the Pee below enerates a 
Pini woOmmeboardest1teubheator each individual in the 
Gato esie ts This ae PnGweattes oie smumnoer: 
of quarters each individual has been onboard 
the FFG to which he is eee LY. assigned. fie: 
time madi Ladiuwa | ges trom one FFG to another, 

mice Vaiseaile wild reflect the number of uarter 
Spent on both BLP Se Pea ethe mnadividuar 1S on 
an FFG of interest in _the early periods, goes 
asnorewor Eo another class ship and returns to 
another FFG, Bile eiMe Om Vabidgple 1S restarted 
for the second tour on an FFG. 


DATA ONE: 
INFILE DATAIN: 
INPUT HYEC hae 
AOA 3-5 
PAYGRD 6 
PURACE. 726 
PMOS S CHAR? . 
YRADS Be ey 
UIC CHAR6. 
DMOS CHAR/. 
START 120 
OTR 33254 
ASE ee 
HO TRI : TART, aD A TWO 5 SET ONE: 
IF SUBSTR (PMGS 1} - PROC SORT DATA=TWO OUT=SEAM.FFGFMN: 
BY TR bay RD; See P INEST ZES 80; PROC PRINT DATA 
= SEAM. FFGEMN® 


The program below uses the input Be eeu! data 
Stideproyvraes “an out put Senay ao the desired 
data meeach ship tor each quar aoe 





- SET PERS.PER 
STR(PMOS 2) 
BST (PMOS ,4); 
UTC BESTR (UIC, 4.3); 
TF NEC='4381' OR NEC='4382' THEN NECFLAG=1; ELSE NECFLAG=0: 
IF NEC='4294' THEN ACELAG= 1; ELSE ACFLAG=0: 
PREM EGNCE GURHEN HSCFLAG=1: ELSE HSGFLAG=0: 
DROP PMOS DMOS: OPTIONS GENES T ZR 80: PROC SUMMARY DATA=TWO; 
Cliss UlC OTR 
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VAR HYEC “AFQT  PAYGRD COURAGE Ses 
HSGFLAG ; 


COMBE OUTS PERSON. PERSUM 


N=MNHYEC MNAFOT MNPAYGRD MNCURAGE MNYRADS MNTOB 
RTEX SUM (ACFLAG )=NRACTEX 


TOB NECFLAG ACFLAG 


SUM(NECFLAG 

SUM(HSGFLAG =NRHS RAD SUM (TOB )=QTRSEXP 
Se eee lao PT TONS LINES. ZB ce PROC PRINT DATA 

SUM; TITLE FINAL PROC SUMMAR TH_EN'S 


Y WITH ONLY FROM EN 
DATA SET; “ST TLE2 WITH VAR DESIRED FOR REGRESSION; /* // 
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APPENDIX C 
CASREP DATA PROCESSING PROGRAMS 


The program 
ending date 
ters, and 


below inputs the start and 
for each of the nineteen quar- 
calculates the total downtime, 


downtime awaiting parts and downtime other 


1.e. mot awaiting parts tar each of the 


mineteen quarters. 


DATA QUARTER; 
INF 


RMAT i YYMMDD6. ; 
-Q38; 


INPUT Q1 
RDS 
Foon 791231 
800101 800331 
800401 800630 
800701 800930 
801001 SOs 1 
Solon S10es 1 
810401 810630 
810701 810930 
S100 L Bhs I 
5 DO LOaL 820331 
820401 820630 
S20701 820930 
821001 29 ie 
830101 830331 
830401 8 30630 
830701 830930 
Sa100 1 R23 1 
840101 840331 
840401 840630 
Sample of CASREP1 data 

INPUT UIC REPDATE CORDATE SEVER SUPHR REPLEV EIC §$ 

028 780404 780414 2 240 1 YCO4 

028 780404 780501 D 480 il 1B03 

ALOHA 


Hoe A P 
SUPHR= ABS(SUPH 
ih CORDATE GE 7 
IF REPDATE LE 8 


IF 
SET ALO 


ale 


OKE.CASREPI1: 
R) 3 
Z 3: 
947: DATA CASREP; 
EQ 1 THEN SET QUARTER; 


ST: quarter Cee dates 
EN: quarter ending dates 


C1 PpGOeott tam ol Quarter covered by CASKEP 
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we Oe Ove be ® 





DATA 


WO Oia Owes ewe 


ARRAY ST Q1 Q3 05 07 Q9 Q11 013 O15 O17 O19 O21 O23 umgeee 


a SO ccmO oe ec7 | 
yARRAY EN a 04 0608 S16 O12 Q14 Q16 Q18 Q20 Q22 024 Q26 Q28 
32,934 9 Q36 9238: 
ARRAY CAS— 


ARRAY SUBDAY SUPDAY 1: SUPDAY19; 
ARRAY OTHDAY OTHDAY1- OTHDAY19; 


DO OVER ST; 


For multi-quarter report, first quarter coverage 
IF ST LE REPDATE AND REPDATE LE EN AND CORDATE GT EN THEN 


DO; 
CAS = EN - REPDATE; 
_ END; 
- For multi-quarter report, middle qtr coverage 
IF ST GE REPDATE AND CORDATE GCE EN Teepe: 
CAS = EN - ST; 
_ END; 
is For multi-quarter report, last quarter coverage 
a IF EN GE CORDATE AND ST LE CORDATE AND ST GT REPDATE THEN 
CAS = CORDATE - ST; 
ee | | 
Z For single quarter report, calculate coverage — 
IF ST LE REPDATE AND CORDATE ERS AEN pee 
CAS = CORDATE-REPDATE; 
END; 
END: 


‘ 
—- 

#e « 
en 


; Calculate total report coverage : 
CASTOT = SUM(OF CAS1-CAS19) ; 


a convert coverage into ercent of (quire: ; 
a GENERATE NR DAY NOT ATTR BUTAL TO Surrey ; 
DO OVER CAS; 
IF en 


SUPDAY = tb ‘CAS / CASTOT | 
IF SUPDAY oe Be E PDAY=CAS:; 
RiGee = (ence sUlnm. nae 
IF FILLER GE 0 THEN OTHDAY=FILLER; ELSE OTHDAY= 0; 


END 
FILE DATAOUT: 
OVER CAS 
TE GAG a QO THEN 
Pua =a 2 
Le eae 
8 REPDATE YYMMDD6. 
6 CORDATE YYMMDD6. 
94 SEVER 
16 SUPDAY “Gel 
34 REPLEV 1. 
36 EIC 34 
File GAS 
46 OTHDAY 2 
END; 
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APPENDIX D 
PROGRAMS FOR MERGING PERSONNEL AND CASREP DATA 


The ean below creates a Sona output 
of the casrep data which includes he ship 


unit identification code, the quarter and 

the total equipment downtime in days, the 

time awe Lae parts, and the time down not 
S 


awaiting parts which is merged matching ship 
and quarter with the personnel data. The 
next portion of the program. merges_ the 
aor and casrep information matching 
he data by ship and quarter. 





DATA ONE: 
INFILE CASREP; 
INPUT 


SO 
ty 


Ree 

UEC. CHARS. 

Ree Dae. Y YMMDDS . 
CORDSGE) YY MMpDG- 


BR POWNNHARAAD 
DeALRDLON00 
—” 
es] 
< 
es] 
mJ 


iL 
SUPDAY 6.1 
REPLEV l. 
El aa 
GAS ; 
Otay. 2.7: 
DATA TWO; 
eer ONE; . . 
ULC see THEN TUTC= 028 | ; 
we eee TEN TULC= "032 ' : 
maeGuiC= 0s THEN TULC='033' ; 
mMpetULC='  34' THEN TUIC='034 
PROC SUMMARY DATA=TWO: CLASS TUIC QTR; 


VAR SUPDAY CAS OTHDAY 
OUTPUT OUT=SUMREP.CASSUM 
SUM= DWNSUP DWNTOT DWNOTHER; 
DATA FOUR: 
SET SUMREP.CASSUM: 
IF TYPE NE 3 THEN DELETE; 
DATA FIVE; a 


LENGTH TUIC S 3: 
SET PERSON. PERSUM: 
IF TYPE NE 3 THEN DELETE; 
ume = SUBSTR(ULC.4 3): 
PROC SORT DATA=FOUR; BY TUILC OTR: 
PROC SORT DATA=FIVE:; BY TUIC OTR; 


DATA SIX: 

MERGE FOUR FIVE: BY TUIC QTR; 
PROC SORT DATA=SI1X OUT=CASNPERS.ALLEMERG; BY TUIC QTR; 
PROC PRINT DATA=CASNPERS.ALLEMERG; 


i) 


a) lt 


The output data set contained the following 


variables: TULC--a ship adentifier Ol ke eine 
quarter number, DOWNSUP--the time awaiting 
paws. DOWNOTHER--the downtime not awaiting 
Dawes, DOWNTOT--the total CASREP downtime 
during the quarter MNAFQT--the mean of the 
Enginemen onboard FOYT seouese MNPAYGRD- -the 


mean of the rate o the Enginemen onboard 

OTRSEXP--the sum. of the total quarters served 
onboard the ship by the Enginemen onboard, 
NRACTEX--number of Air “Condit soma. techs 
onboard in the. quarter NRAUXTEX--number of 
auxiliary technicians (NEC 4381/4382) onboard 
in the quarter, NRHSGRAD--the number of high 
school graduates onboard, WILQIND--a variable 
generated oe Summing the DMDC codes for _the 
rate of the Engineman onboard (E-7 is equal to 
7, E=-1 to 1, eter) 
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APPENDIX E 
SAMPLE REGRESSION PROGRAM 


DATA ON 
SET “CASNPERS. FINALMR ; 
Teese et Cue '106' OR TUIC = '052' OR TUIC = '054' OR 
MOIC = 699° 
THEN DELETE 


PROC REG SN PEE DATA=ONE: 
MODEL DWNTOT =WEITZ NRAUXTEX: 
MODEL DWNTOT= NRAUXTEX NRHSGRAD: 
MODEL DWNTOT= NRAUXTEX NRACTEX; 
MODEL DWNTOT= NRAUXTEX OTRSEXP: 
MODEL DWNTOT= NRAUXTEX NRNONNEC: 
MODEL DWNTOT= NRAUXTEX:; 
MODEL DWNTOT=NRACTEX: 
MODEL DWNTOT=WEILTZ;: 
MODEL DWNTOT=NRNONNEC; 
MODEL DWNTOT=NRHSGRAD: 
MODEL DWN NTOT= TRSEXP | PROC MEANS DATA=ONE MAXDEC=2 N 
MEAN STDERR MIN MAX STD VAR; 
unyv ake DWNTOT DWNSUB DWNOTHER MNAFQT MNCURAGE MNHYEC MNTOB 
NRACTEX NRAUXTEX NRHSGRAD NRNONNEC MNPAYGRD QTRSEXP 


WIL 
PROC: CORR DATA=ONE OUTP= 
ep DWNTOT DWNSUP BYNOTHER NRAUXTEX NRACTEX NRNONNEC 
CLR D Meme Whiter kOG PRINT DATA= TWO, /* // 
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APPENDIX F 
DESCRIPTION OF PERMANENT DATA BASE 


A data base was established on permanent mass_sotrage 


and on magnetic tape at Naval Postgraduate Senool. The wdaed 
1S in. twoe stern > er the raw data on enginemen and non- 
designated firemen on the ships covered in_this thesis and 


a data base created using Stauistrcal nal ca. System 
(SAS) software in the analysis for this thesis contaraeme, 
Iinformatton’ onwGASkEE Swe auxiliary equipments on FFG-/7 
class ships covered in this thesis as received from American 
Managemen systems Incorporated, and the merged file of 
CASREP and Personnel information on the Shaps covered 
ae analysis. These data bases are described in detail 

elow. 


A. RAW DATA 
The personnel data on ee ee and non-designated 
firemen (FN is a binary file which has a Ilopgical recom 
length of 1954 card columns. Each record is an observation 
on one individual which gives personal information on_that 
erson over__the nineteen quarters covered in the analysis 


October 1979 through June 1984). Each record is 4° Saa4. 
of repeated information on each individual. lf the .indas 
vidual was mot on one of the ships in the study conducted 
here, the card. columns hon ema quarter contain (“f1eien 
zeros. The blocks contain personnel information “LoR@eae 
people on the ships as indicated below: 

Carder es Fun: Quarter covered 

See OCT Delo 7 
oa ct JAN-MAR 1980 
255-354 APR-JUN e lh 30 
355-454 ee ee 
455-554 Cet Drew) ae 

55D - oe JAN-MAR 1981 
655-754 APRe JUN 3 

To eae JUDS Semen 
855-954 CCl Dee wi oll 
955-1054 JAN-MAR 1982 
LOSS is 4 AP hee Ue 
(ES ee et JW ie Wee ew 
1255-1354 OGT DEG 1782 
1355-1454 JAN-MAR 1983 
1455-1554 APReESUN 93s 
LS bom JUD Soe ales 
Goo by oe CET PEC wie 
1755-1854 JAN-MAR 1984 

Is Si5el oe APR-JUN 1984 
ae information contained in each quarterly “record joa 
ollows 
Card column Information Description 


Unique Identification Number 

Renorm Flag 

Filler . 

Unique Identification Number 
Total Active Federal Military Service 
DOD Primary ©Cccup4ab lone ior 

DOD Duty Occupation Graup 

Highest Year of Education 

AFQT Percentile 

Paygrade 


DAADAAWWU 
SID MWHOUWN} 
ial 
DADAM 
PNOwf 
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| 
“J 


' 
co 
Bi 


io 
ttt te woro 


PREHHO NS 
rHOOOrH 
OaOnf 


t ft 
hr 
Nr 
00 


I 
ju 
i) 
co 


Li 
MRE HH 


Ps tp tp OOO CO COCO COC COCO OONININISISISI NIN ONOD 
Ont nn BWW OW PNR HHH HOO OOWODMNIWONIODIW NOHO OWONIDMNBWhWc 
in PSU) 
WW\LOLUnN CO} 


WBONDONOODOWNHUHWNYHONUW |! 


i 
i) 
in 
Ba 


Home of Record (STATE) 
Date of Birth 
Sie ee 
Race 
SOUTCen OC bye meds, 
Pein este 
tstebreaG mich isa rsh a slts 
Number of Dependents 
File Date 
ie eG One 
Race she linac 
SeX 
Education/Mental Category 
DOD Secondary Occupation Code 
Mental Category 
Age at Entry 
Current Age 
eee ae S 
separation Program Designator 
Pat ence hacer ep ated t Lon 
Date of Separation 
Pasrew cel Ve oe ieee are 
Estimated Termination of Service 
Date of Current Paygrade 
Date of Lateral Enlistment 
Component | _ 
Year of Active Duty Service 
Time in_Grade 
Pittohnt Pay. Status 
Pay Entry Base Date 
score Group _ 
Unit Identification Code 
Spanish Surname Indicator 
Paden 
busy Mos 
Program Element Code 
code 
Name (first 4 characters) 
Gain/Loss code ee 
Repeat of information on individual 
for next quarter as described in 
oe aa 2 OY Ce For example, the. 
otal Active Federal Military Service 
for an_individual in the quarter 
JAN-MAR80 would be in columns 159-160. 


eecesimilarly for intervening quarters. 


1855-1954 


B. SAS Files 


Riko tewomnwol, tnaivi dual for Last 
quarter of the study as indicated 
in paragraph above. 


iiemoans Cale —Gontalininme CASREP anftormation is stored on 


Peewee Le number 588 under. the following name: 
BERLE LS. SAS This file contains the following infor- 
mation: Ts oe 
Label Name Definition 
CORDATE Casualty correction date YYMMDD 
mee DATE Caswale aes date YYMMDD 
pe VER (=e eee ee) Siete 
SUPHR Downtime aoe eee aL). elenble cis 
UIC Speen cent ht caeron Code 
ELC Equipment Identification Code 
NOMEN Abbreviated equipment name. 

The SAS file is stored on magnetic tape number 588 and 
on mass eee a 4C under the DATA Sen 
NAME=MSS.FO59/ .WELTZMAN. The SAS data set name is FINALMR. 


The data set contains the following information: 
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Label Name 
DWNTOT 
DWNOTHER. 
DWNSUP 
WELTZ 


OTRSEXP 
NRAUXTEX 
NRACTEX 


NRNONNEC 
NRHSGRAD 


Definitwen 

Total Downt imem ine qua tic melnea anon 
Downtime not awatvtane parts) an aquaria 
i ie sala, S 4 
Downtime awaltinigeparts fied Guiawten 

TDCi ys ae 
Each ship s quarterly average downtime 
Adel ay Se. 

The sum of the time onboard in quarters 
the oe on a ship have spent on 
that ship. a ie 

The number of auxiliary technicians 
(NEG 4381 andw@43¢2))@on 4 shoei 

tad here. a 

he number _of air conditioning tech- 
nicians (NEG 4294) om 4 shiceened 

ie era ; 

he number of Se ee On aysio ade 

a Quarter wiehomeran NEGe ~ 

The number of enginemen on a_ ship in 

a quarter who are high school graduates. 
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